ITO. 0553US 
(P16341) 



APPLICATION 



FOR 



UNITED STATES LETTERS PATENT 



TITLE: ANALOG PHASE CHANGE MEMORY 



INVENTORS: Ward D. Parkinson and Allen Benn 



Express Mail No. EV337933030US 
Date : August 4, 2003 



Prepared by: Timothy Trop, Trop, Pruner <& Hu, PC. 
8554 Katy Freeway, Ste. 1 00, Houston, TX 7 7024 
7 I 3/468-8880 [Office], 7 I 3/468-8883 [Fax] 



< r 



ITO.0053US 
(P16341) 

ANALOG PHASE CHANGE MEMORY 
Background 

This invention relates generally to analog memories. 

Usually, semiconductor non-volatile memories store 
digital data in the form of either a 1 or a 0, or as 00, 
5 01, 10, 11. Thus, each memory cell may store one to four 
digital states or 2 bits of information. 

However, information to be stored may be in the form 
of smoothly varying analog information. Analog information 
may include the characteristics of a non-periodic wave such 
10 as a sound wave. In order to digitize this information, a 
large number of samples are taken at various slices of 
time. Information corresponding to each sample may be 
taken as time slices along the time domain of the signal. 
For each slice the amplitude or average amplitude during 
15 that slice of time may be digitized into n bits (usually 8 
or more bits) . As a result, a number of digital bits may 
be needed to record the information for each time slice. 

As an alternative, analog information may be stored in 
an analog memory capable of storing the magnitude as an 
20 analog value instead of as a digitized value. In one case, 
a range of levels for the memory cells corresponds to a 
range of analog values. Storing the analog value for each 
time slice in each memory locations instead of the 
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digitized value as a number of bits stored in several bit 
locations can reduce the cost of storage. 

In view of the large amount of analog information that 
may need to be stored, it would be desirable to have an 
5 analog memory that is able to efficiently store this 
information. Examples of storable analog information 
include audio and video information, radio signals, and 
other wireless signals. 

Thus, there is a need for better ways to provide 
10 analog memories. 

Brief Description of the Drawings 
Figure 1 is a schematic depiction of one embodiment of 
the present invention; 

Figure 2 is a partial schematic and partial cross- 
15 sectional view of a cell in accordance with one embodiment 
of the present invention; and 

Figure 3 is a system depiction of one embodiment of 
the present invention. 

Detailed Description 
20 Referring to Figure 1, a memory 10 may include a 

variable resistance memory array 12. The variable 
resistance memory array 12, in one embodiment, may be a 
phase change memory. The variable resistance memory array 
12 may include a plurality of cells arranged in rows and 
25 columns. The cells may include a phase change memory 
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material. A cell may be associated with a word line, 
addressable by a word line decoder 16, and a bit line or 
column line, addressable by a bit line decoder 14. 

An analog digital select or deselect interface 28 
5 allows the user to provide an input (indicated by an arrow) 
to select the storing or reading out of data in either an 
analog form or a digital form. The interface 28 is coupled 
to a digital write interface 18, a digital read sense 
amplifier 20, an analog write interface 22, and an analog 

10 read sense amplifier 24. The write interfaces 18 and 22 
provide signals to the bit line decoder 14 that may be 
utilized to program selected cells within the array 12. In 
the case of the digital write interface 18, the information 
may be one of two or more selectable digital states. 

15 However, in the case of the analog write interface 22, one 
of a large number of write states may be written into one 
cell. A cell may be selectively set to a desired 
resistance value to thereby determine a very specific piece 
of information. In some embodiments one of at least three 

20 different resistance levels may be stored in a cell. 

Referring to Figure 2, a cell 50 in the array 12 may 
be formed over a substrate 36. The substrate 36, in one 
embodiment, may include a conductive line 3 0 coupled to a 
selection device 32. The selection device 32, in one 

2 5 embodiment, may be formed in the substrate 3 6 and may, for 
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example, be a diode, transistor, or a device using a phase 
change material . 

The selection device 32 may be electrically coupled to 
a lower electrode 34 formed in a pore 46. The pore 46 may 
5 be defined as an aperture in an insulating layer 38. 

Sidewall spacers 4 0 may be formed in the pore 46 in one 
embodiment . 

A phase change material 42 may be formed into the pore 
and over the insulator 38. An upper conductive line 44 may 
10 then be formed over the phase change material 42 in one 
embodiment . 

In one embodiment, a cell 50 may include a phase 
change material 42 that may be set to a desired resistance 
over a range from a lower resistance of about 5000 ohms or 

15 less and up to a higher resistance of 200,000 ohms or more. 
This variable resistance may be set by varying the 
magnitude of the reset current to the cell in one 
embodiment. After forcing the programming current, the 
resistance may be read and readjusted by reforcing a 

20 slightly different program current if needed to achieve 

better precision. By making the resistance proportional to 
voltage or current that is intended to be stored, an analog 
memory results. 

For example, in one embodiment, a waveform may be 

25 sampled periodically and the voltage or current of the 

waveform may be measured at periodic intervals along the 
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waveform. The measured current or voltage may be stored 
proportionately as a resistance in the variable resistance 
memory array 12. Then upon reading, the resistance can be 
converted back to a voltage in proportion to the amount of 
5 resistance stored in the memory array 12 . 

As a merely illustrative example, the voltage waveform 
of an audio recording signal may be sampled every .0005 
seconds and the voltage may be measured for conversion into 
a resistance. If, for example, the allowed resistance 

10 range were 5K to 10 OK ohms and the measured voltage range 
was -1 volt to +1 volt, the voltages are proportionately 
converted into resistances and written into cells as a 
resistance with a feedback. The feedback may involve 
writing with an appropriate current pulse and then 

15 repeating such writing as needed with a larger or smaller 
pulse to program the desired resistance. Alternately, the 
slope of the current pulse may be varied to achieve the 
resistance. The bit may be rewritten at varying pulse 
heights and trailing edge slopes until the bit is 

20 adequately close to the desired resistance value. Then, 
the next voltage at the next sampling time is written. 

Larger resistances may drift more, so the resistance 
range may be limited to the lower values (such as between 5 
and 10K ohms) where the bit is nearly crystalline. If all 

25 the bits in a block are written at one time, for example to 
record an audio song or a video frame, a larger range of 
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resistance may be written in known pre-selected locations 
in the array 12. In some embodiments the resistance value 
may be written outside of the actual memory array 12. 
Then, when reading out the array 12 or outside the array 
5 12, resistances can be prorated to lower or higher 

resistance values by reading the lower or higher first and 
then prorating the resistances in the rest of the array 12 
accordingly. 

In another embodiment, a range of resistances may be 
10 used linearly proportionate to the input voltage between 5 
and 10K for -IV to 0V. From OV to IV, the resistance 
stored may be linearly proportionate to 10K to 100K. With 
such a method, or one like it apparent to one skilled in 
the art, additional compensation for the temperature 
15 variation in higher resistance values may be accommodated. 

In one embodiment, the phase change material 18 may be 
a phase change material suitable for non-volatile memory 
data storage. A phase change material may be a material 
having electrical properties (e.g., resistance) that may be 
20 changed through the application of energy such as, for 
example, heat, light, voltage potential, or electrical 
current . 

Examples of phase change materials may include a 
chalcogenide material or an ovonic material. An ovonic 
25 material may be a material that undergoes electronic or 
structural changes and acts as a semiconductor once 
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subjected to application of a voltage potential, electrical 
current, light, heat, etc. A chalcogenide material may be 
a material that includes at least one element from column 
VI of the periodic table or may be a material that includes 
5 one or more of the chalcogen elements, e.g., any of the 
elements of tellurium, sulfur, or selenium. Ovonic and 
chalcogenide materials may be non-volatile memory materials 
that may be used to store information. 

In one embodiment, the memory material may be 
10 chalcogenide element composition from the class of 

tellurium- germanium- antimony (Te x Ge y Sb z ) material or a 
GeSbTe alloy, although the scope of the present invention 
is not limited to just these materials. 

In one embodiment, if the memory material 42 is a non- 
15 volatile, phase change material, the memory material 42 may 
be programmed into one of at least two memory states by 
applying an electrical signal to the memory material 42. 
An electrical signal may alter the phase of the memory 
material 42 between a substantially crystalline state and a 
2 0 substantially amorphous state, wherein the electrical 

resistance of the memory material 42 in the substantially 
amorphous state is greater than the resistance of the 
memory material in the substantially crystalline state. 
Accordingly, in this embodiment, the memory material 42 may 
2 5 be adapted to be altered to a particular one of a number of 
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resistance values within a range of resistance values to 
provide digital or analog storage of information. 

Programming of the memory material to alter the state 
or phase of the material may be accomplished by applying 
5 voltage potentials to the lines 30 and 42, thereby 

generating a voltage potential across the memory material 
42. An electrical current may flow through a portion of 
the memory material 42 in response to the applied voltage 
potentials, and may result in heating of the memory 

10 material 42 . 

This heating and subsequent cooling may alter the 
memory state or phase of the memory material 42. Altering 
the phase or state of the memory material 42 may alter an 
electrical characteristic of the memory material 42. For 

15 example, resistance of the material 42 may be altered by 
altering the phase of the memory material 42 . The memory 
material 42 may also be referred to as a programmable 
resistive material or simply a programmable resistance 
material . 

20 In one embodiment, a voltage potential difference of 

about 3 volts may be applied across a portion of the memory 
material by applying about 3 volts to a line 44 and about 
zero volts to an upper line 30. A current flowing through 
the memory material 42 in response to the applied voltage 

25 potentials may result in heating of the memory material. 
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This heating and subsequent cooling may alter the memory 
state or phase of the material. 

In a "reset" state, the memory material may be in an 
amorphous or semi -amorphous state and in a "set" state, the 
5 memory material may be in a crystalline or semi -crystalline 
state. The resistance of the memory material in the 
amorphous or semi -amorphous state may be greater than the 
resistance of the material in the crystalline or semi- 
crystalline state. The association of reset and set with 

10 amorphous and crystalline states, respectively, is a 
convention. Other conventions may be adopted. 

Due to electrical current, the memory material 42 may 
be heated to a relatively higher temperature to amorphisize 
memory material and "reset" memory material. Heating the 

15 volume or memory material to a relatively lower 

crystallization temperature may crystallize memory material 
and "set" memory material. Various resistances of memory 
material may be achieved to store information by varying 
the amount of current flow and duration through the volume 

2 0 of memory material. 

The information stored in memory material 42 may be 
read by measuring the resistance of the memory material. 
As an example, a read current may be provided to the memory 
material using opposed lines 30, 44 and a resulting read 

2 5 voltage across the memory material may be compared against 
a reference voltage using, for example, a sense amplifier 
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(not shown) . The read voltage may be proportional to the 
resistance exhibited by the memory storage element. 

Turning to Figure 3, a portion of a system 500 in 
accordance with an embodiment of the present invention is 
5 described. System 500 may be used in wireless devices such 
as, for example, a personal digital assistant (PDA) , a 
laptop or portable computer with wireless capability, a web 
tablet, a wireless telephone, a pager, an instant messaging 
device, a digital music player, a digital camera, or other 

10 devices that may be adapted to transmit and/or receive 

information wirelessly. System 500 may be used in any of 
the following systems: a wireless local area network 
(WLAN) system, a wireless personal area network (WPAN) 
system, or a cellular network, although the scope of the 

15 present invention is not limited in this respect. 

System 500 may include a controller 510, an 
input/output (I/O) device 520 (e.g. a keypad, display), a 
memory 53 0, and a wireless interface 540 coupled to each 
other via a bus 550. It should be noted that the scope of 

20 the present invention is not limited to embodiments having 
any or all of these components. 

Controller 510 may comprise, for example, one or more 
microprocessors, digital signal processors, 
microcontrollers, or the like. Memory 53 0 may be used to 

25 store messages transmitted to or by system 500. Memory 530 
may also optionally be used to store instructions that are 
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executed by controller 510 during the operation of system 
500, and may be used to store user data. The instructions 
may be stored as digital information and the user data, as 
disclosed herein, may be stored in one section of the 
5 memory as digital data and in another section as analog 
memory. As another example, a given section at one time 
may be labeled as such and store digital information, and 
then later may be relabeled and reconfigured to store 
analog information. Memory 53 0 may be provided by one or 

10 more different types of memory. For example, memory 530 
may comprise a volatile memory (any type of random access 
memory) , a non-volatile memory such as a flash memory, 
and/or phase change memory that includes a memory element 
such as, for example, memory 10 illustrated in Figure 1. 

15 The I/O device 520 may be used to generate a message. 

The system 500 may use the wireless interface 540 to 
transmit and receive messages to and from a wireless 
communication network with a radio frequency (RF) signal. 
Examples of the wireless interface 54 0 may include an 

2 0 antenna, or a wireless transceiver, such as a dipole 

antenna, although the scope of the present invention is not 
limited in this respect. Also, the I/O device 520 may 
deliver a voltage reflecting what is stored as either a 
digital output (if digital information was stored) , or it 

25 may be analog information (if analog information was 
stored) . 
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While an example in a wireless application is provided 
above, embodiments of the present invention may also be 
used in non-wireless applications as well. 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended 
claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 

What is claimed is: 
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